this high resistance is due to an abnormally low number of resistance vessels, 6 it generally is concluded that the high resistance is due mainly to abnormally small lumen diameters of the resistance vessels. 7 ' 8 However, the only direct evidence for the latter hypothesis has been provided by the detailed study of Ichijima, 9 who demonstrated that the lumen diameters of resistance vessels in anesthetized SHR are smaller than those found in Wistar-Kyoto (WKY) controls.
This lack of evidence for structural changes contrasts with the large number of findings concerning apparent changes in membrane properties 10 " 12 of smooth muscle cells in SHR aorta and conduit arteries and in their sensitivity to a variety of agonists. 13 " 17 Therefore the possibility has been raised that the higher peripheral resistance is associated more with changes in the intrinsic properties of the smooth muscle in the blood vessel walls than with changes in the structure of these walls. 5 To obtain more precise information about the mechanical and structural properties of resistance vessels, we 18 developed a technique for mounting resistance vessels with internal diameters of 100-250 jum (when relaxed and under a transmural pressure of 100 mm Hg). These resistance vessels lie much closer to the arterioles than the larger conduit arteries which have been investigated by others, and therefore may be expected to give a better indication of the properties of the arterioles than has been possible previously.
In a recent study we 19 showed that the contractility of these resistance vessels is greater in the SHR. In the present study we sought to establish whether this is associated with structural differences. We have done this by following a limited but precise protocol, using 13 SHR and 13 WKY rats, and have investigated the mechanical and morphological properties of a resistance vessel taken from exactly the same place in each rat. All rats were 5-6 months old, so that the SHR were in the early established stage of hypertension. 2 ' 3 
Methods

Preparation
The preparation was a 0.69 ± 0.03-mm segment of an arterial resistance vessel taken from the mesenteric bed of 5-to 6-month-old SHR or, as controls, WKY rats. The rats, all male, were obtained from M0llegaards Avlslaboratorium, Denmark. The mean blood pressures of the two stocks of rats are 180 and 120 mm Hg, respectively (B. Ljung, personal communication), and these figures were confirmed with the kind assistance of Dr. O. Lederballe, Aarhus University, who used the tail cuff method on a number of rats in this investigation. The heartto-body weight ratios of the rats used were 3.2 and 2.9 mg/g, respectively. The arterial segments were taken from the portion of the mesenteric bed shown in Figure la.
Apparatus
The segment was mounted on a myograph (Fig.  lb) which enabled the wall tension to be measured while the internal circumference was controlled directly. The method of dissection and mounting and a description of the myograph have been published previously. 19 The myograph was mounted on a microscope equipped with Nomarski interference contrast optics. The segment length was measured under 50x magnification, and vessel internal circumference was measured at 500x magnification. 18 For the current investigation, the optics of the system were improved so that we observed and measured the media thickness in the wall of the mounted (living) preparation ( Fig. lc) . We used a filar micrometer with a resolution of 0.2 jum for all microscope measurements.
Solutions
The physiological salt solution (PSS) used in this investigation had the following composition 20 (in mil): NaCl, 119; NaHCO 3 , 14.9; KC1, 4.7; KH 2 PO 4 , 1.18; MgSO 4 , 1.17; CaCl 2 , 1.6; ethylenediaminetetraacetic acid (EDTA), 0.026; glucose, 5.5.
K-PSS was as for PSS, but with an equimolar substitution of KC1 for NaCl and with 5 mil CaCl 2 .
Ca 2+ -free PSS was as for PSS, but with the CaCl 2 replaced by 1 DIM ethylene glycol bis(/?-aminoethyl ether) -tyAT-tetraacetic acid (EGTA). All solutions were gassed with 95% O 2 -5% CO 2 , adjusted to pH 7.4, and circulated through the chamber at 37°C. Vessels were bathed in PSS throughout the experiments except where otherwise stated.
In some experiments, graded doses of norepinephrine (Hoechst) were added to the solutions as described in Results. Such solutions were made fresh each day using concentrated solutions (0.1% wt/vol) of norepinephrine in isotonic NaCl solution that had been stored in sealed ampuls at 4°C.
Procedure for Mechanical Experiments
The following protocol was followed in each experiment.
1. The rats were killed by a blow to the head. The mesenteric bed was excised rapidly and a portion of vascular tree selected as described in Results. The selected segment was dissected and mounted on the myograph. 19 The mounting procedure was completed within 45-75 minutes.
2. The vessel was equilibriated by stretching it to an internal circumference at which the resting wall tension (see below) was about 0.1 millinewton/ millimeter (mN/mm) for 1 hour.
3. The resting wall tension-internal circumference relation was determined and used to calculate the normalized internal circumference, Li, as described in Results. The vessel was set to Li.
4. The vessel wall and media thicknesses were measured at six locations. Control micrographs also were taken for these measurements.
5. The vessel was activated in turn with K-PSS, twice, K-PSS to which graded doses of norepinephrine were added, PSS to which graded doses of norepinephrine were added and, finally, again K-PSS to which graded doses of norepinephrine were added. After each activation, the solution was changed back to PSS for 15 minutes. Measurements of responses in K-PSS were made 3 minutes after solution change, whereas, in the dose-response experiments, they were made 1.5 minutes after each concentration change. The arrow shows the type of vessel studied in this investigation, b: Low power light micrograph of vessel similar to that identified in (a) mounted on the myograph. The two 40-fim stainless steel wires (white arrows) which threaded the segment were attached to the supports L, R. The lefthand support, L, was mounted on a force transducer (DSC 6, Kistler Morse). The righthand support, R, was mounted on a micrometer, the movement of which was detected by an eddy current transducer (KD 2300.5 SU, Kaman Sciences). For further details see reference 19 . c: Light micrograph of an area similar to that identified by black arrow in (b) taken using Nomarski interference contrast optics. The microscope is focused on the outer edge of the wire so that the vessel wall is seen in longitudinal section. The division between media (left) and adventitia (right) is indicated by the black arrow. White arrows show a number of cross-sections of smooth muscle cells.
Analysis of Results
We calculated the wall tension 21 in the vessel from the oscillograph records by dividing measured force by twice the segment length. 19 Active wall tension (or response) is defined here as the difference between the total wall tension following activation and the wall tension in PSS (here called the resting wall tension) immediately before activation. The active wall tensions in response to different doses of noradrenaline in PSS were fitted by linear regression to the logarithmic form of the Hill equation [ ( V / V J = (S)7(K + (S) n )] where V/V max is the relative response, (S) is norepinephrine concentration, and K and n are constants. From this fitted curve the 10% threshold, Thio, and the 50% response concentration, EDso, were determined.
Histology
On completion of the mechanical experiments, the solution was changed to Ca-free PSS for 15 minutes. The vessels then were fixed on the myograph (at Li) by changing the solution to Prefix (2.5% glutaraldehyde, 75 mM cacodylate buffer, 7% sucrose) for 2-16 hours. Vessels then were removed from the myograph and placed in succession in the following solutions: buffer 1 (Prefix without glutaraldehyde) for 15 minutes, Postfix (1% OsO 4 , 50 mM cacodylate buffer, 4% sucrose) for 1 hour, buffer 2 (Postfix without OsO 4 ) for 15 minutes, wash solution (4% sucrose) for 2 X 3 minutes, and block stain (7.5% Mg-uranyl-acetate) for 1 hour. All fixation solutions were adjusted to pH 7.4. The vessel then was dehydrated by being placed in a graded series of acetone solutions and embedded in Epon or Spurr's resin. Thick (l-j«n) and thin (100-nm) longitudinal sections then were taken, with glass knives, from the blocks of portions of the wall which had not been in contact witt the wires. Care was taken to ensure that the plane of sectioning was perpendicular to the plane that had contained the mounting wires and parallel to the long axis of the segment. The thick sections were mounted on glass slides and stained with toluidene blue. The slides were photographed in phase contrast and the resulting micrographs were mounted as montages (Fig. 2, a and b) . These montages showed a complete longitudinal section of the vessels. Because the smooth muscle cells in the walls of these vessels are oriented circumferentially, the montages show cross-sections of smooth muscle cells. The tension which was measured on the myograph was equal to the combined force produced by these cells. From these montages we counted the number of cells along the length of the section. Measurements of media thickness were made on three thick sections from each vessel, with at least six measurements on each section. The thin sections were mounted on 300-mesh grids and were examined with Zeiss EM9 and EM10B electron microscopes. We measured the proportion of the media taken up by smooth muscle cells from the electron micrographs (Fig. 2 , c and d).
Selection of Test Preparation
We compared the resistance vessels of SHR and WKY rats by taking one vessel from each animal. To provide a valid comparison, the vessel must be taken from the same part of the vascular system each time. Although there is no difficulty in doing this with larger vessels (e.g., aorta, conduit arteries) the pattern of branching beyond the major arteries generally is complex and varied. We found, however, in preliminary experiments that in a particular portion of the mesenteric vascular bed, namely, the portion that feeds the jejunum 8-10 cm distal to the pylorus, the pattern is constant and similar to that shown in Figure la in both SHR and WKY rats. On this basis we therefore developed the following protocol for selecting vessels. After locating the portion of the vascular bed as described above, we selected a fourth-generation vessel of the mesenteric artery which fed an artery leading directly into the intestinal wall. There were rarely more than four vessels which met these criteria. To avoid bias, the choice between them was made by one of us, who at that time was usually unaware of which type of rat was being used. The unstretched lengths of the selected vessels then were measured: the average length of the SHR vessels [1.59 ± 0.10 mm (n = 11)] was the same as that of the WKY vessels [1.58 ± 0.11 mm (n = 13)].
Statistical Analyses
In the text, only average figures are given and, unless otherwise stated, the terms "greater" and "less" imply that the difference is significant at least at the 5% level using the two-tailed Student's t-test. The SE'S of the measurements and the P values of the differences are shown in Table 1 . Elsewhere in the text, values are given as mean ± SE (n = number of experiments).
Results
Resting Wall Tension-Internal Circumference Relation
After equilibriation (see Methods) the mechanical properties of the vessels when relaxed were investigated by determining the relation between their wall tension and their internal circumference when they were stretched and released on the myograph twice in the manner shown in Figure 3 . This relation ( Fig. 4 ) was determined at the start of each experiment with the vessel in PSS solution. In this solution, the vessels are completely relaxed, 19 and there was never any sign of spontaneous activity. These experiments showed ( Fig. 5a ) that, for any VOL. 43, No. 6, DECEMBER 1978 £ CM a FIGURE 
a: Montage of longitudinal section of fixed WKY vessel. The smooth muscle cells are shown in crosssection. Such montages were used to determine the number of smooth muscle cells per unit segment length along the section, b: Similar section of an SHR vessel. Note the thicker media and greater number of smooth muscle cells compared to (a), c: Low power electron micrograph of section of a WKY vessel taken in the same plane as (a) showing smooth muscle cells (S) in the media, the adventitia (A), and the internal elastic lamina (E). d: Similar electron
micrograph of an SHR vessel using same notation.
given wall tension, the internal circumference of the SHR vessels was significantly smaller than that of the WKY vessels.
We can use these results to estimate the relationship between the transmural pressure, p', and the internal circumference, L', which the vessels would have had in situ when relaxed. Under these conditions, using Laplace's equation, 19 we have:
where T' is the wall tension. In our experiments, we have found the relation between relaxed wall tension, T te i, and internal circumference, L. Thus by analogy we may calculate an equivalent pressure, p, given by: p = T re i/(L/27r), where p is now an estimate of the transmural pres--500 r-
sure which would have been required in situ to expand the vessel to internal circumference L. On this basis we have used the data presented in Figure  5a for the first stretch sequence to estimate the pressure-diameter relation which these vessels would have had when relaxed in situ. These calculations are presented in Figure 5b , where the estimated lumen diameter, 1, is calculated from 1 = L/TT. Such curves were made for each experiment and were used to determine the internal circumference Figure  3 . The four phases of the two stretch-release sequences are distinguished thus: first stretch, circles; first release, squares; second stretch, triangles; second release, diamonds. Transmural Pressure (mmHg) FIGURE 5 A: Average resting wall tension during the first stretches of experiments similar to that shown in Figure 4 plotted against internal circumference for 13 SHR vessels (filled circles) and 13 WKY vessels (unfilled circles corresponding to an effective pressure of 100 mm Hg (13.3 mN/mm 2 ). This internal circumference is designated Lioo. Thus hoo = Lioo/w is an estimate of the internal diameter which the vessel would have had in situ when subjected to a transmural pressure of 100 mm Hg. The values of lioo for the SHR vessels (175 jum) were 17% less than those for the WKY vessels (210/um). As other investigators of smooth muscle have found, 22 the characteristics of the relaxed vessels are not reversible (Fig. 4) . Thus there is a significant difference between the characteristics found in the first and second stretches. However, the characteristics of the first release and second stretch nearly superimpose, and we have found that these can be fitted approximately by an exponential equation 19 of the form:
L-L -LIOQ\
I, i-<100 /
where Tioo and /Jioo are constants. There was no significant difference in the value of /?ioo found for the two types of vessel [(/?IOO)SHR = H-8 ± 1.0 (n = 10), (yS 100 )wKV = 11.5 ± 0.6 (n = 10)].
Vessel Wall Dimensions
From the resting wall tension-internal circumference relation, the value of Lioo was determined for each vessel. At Lioo, however, there is considerable resting wall tension which can both affect the wall dimensions and make measurements of active wall tension less certain. Therefore, following the determination of Lioo, the vessels were set to an internal circumference, Li = 0.8 Lioo, where, although the active wall tension is slightly less than the maximum wall tension (developed at 1.1 Li 19 ), there is little resting wall tension.
At this internal circumference we examined the vessel wall where it wrapped around the supporting wires on the myograph. The microscope was focused on the outer edges of the wires so that the wall was seen in longitudinal section ( Fig. lc) and, by using interference contrast optics, the media within the wall could be distinguished clearly. The thickness of the SHR wall (30.2 um) was 8.9 jum greater than that of the WKY vessels (21.3 jum). Measurements of the media showed that most of the greater wall thickness could be attributed to their having a thicker media; the media thickness of the SHR vessels [20.0 ± 2.3 jum (n = 13)] was 7.9 fim greater than that of the WKY vessels [12.1 ± 1.1 jum (n = 13)].
These measurements of the media on the mounted vessels are clearly influenced to some extent by the effect of the curvature imposed by the mounting wires. We therefore made another estimate of the true media thickness by fixing the vessel (at Li) at the end of the experiment and measuring from sections the thickness of the media in the portion of the vessel between the wires (Fig. 2, a  and b ). Under these conditions, the media thickness of the SHR vessels was 20.3 ± 1.1 fim (n = 12), whereas that of the WKY vessels was 14.6 ± 0.9 jim (n = 12), similar to those measurements determined by the first method.
In six experiments we attempted to assess the error involved in these two methods of measurement by following the changes in media thickness during the physiological experiments and during the fixation procedure. We have concluded that both methods of measurements may underestimate the true media thickness by about 10%, but as we have no way of determining this factor for each individual experiment, we have neglected this possible source of error and taken as our estimate of the true media thickness the mean of the values obtained with each method.
Cell Dimensions
The optics used enabled us also to observe many of the cells contained within the media of the mounted vessel (Fig. lc) . Many of the cell crosssections had remarkably irregular shapes. Because visualization of cells in the living preparation is not adequate to permit accurate determination of the total number of cells, we made this determination, using the fixed sections described above (Fig. 1, a  and b ). The cells in these sections can be distinguished easily by light microscopy, and we counted the number of cells in each section along the entire length of the preparation. For the SHR vessels, there was 0.89 cell//im, whereas the WKY vessels only contained 0.72 cell/jum. These measurements were used to estimate the mean cell cross-sectional area and the mean number of cell layers.
Electron micrographs (Fig. 2, c and d) showed that the fraction of the media occupied by smooth muscle cells was about 70% in both SHR and WKY vessels ( Table 1 ). The mean cell cross-section, Ac, then was calculated from the equation, Ac = 0.7 • m/n, where m is the media thickness determined as described above, and n is the number of cells per unit segment length over any section. On this basis, the mean cross-sectional area of the SHR cells (15.8 jum 2 ) was on average 21% greater than that of the WKY vessels (13.1 /xm 2 ) but this was not significant (P>0.05).
The mean number of cell layers in each vessel then was calculated by dividing the media thickness by the mean cell diameter, where the mean cell diameter was derived from the cell cross-section calculated above. The SHR vessels contained on this basis 4.4 cell layers, 36% more than the WKY vessels that contained 3.3 cell layers. These findings were in agreement with the impression obtained when the sections were examined by light microscopy.
Active Wall Tension
The active wall tension of the vessels at Li was determined by activating the vessels with norepinephrine added in various concentrations to K-PSS and with norepinephrine alone. Figure 6 shows a typical dose-response experiment. Figure 7 shows the mean results of all the experiments. The doseresponse curves for norepinephrine added to PSS showed the sigmoid shape described by other investigators who studied larger vessels. 14 There were no significant differences in the ED50 values of the SHR and WKY vessels (6.2 and 5.1 JIM, respectively) or in their threshold Thio values (3.2 and 2.0 jiiM, respectively). The maximum active wall tension in 40 pM norepinephrine was 50% greater for the SHR vessels (2.7 mN/mm) than for the WKY vessels (1.8 mN/mm).
The active wall tension in K-PSS alone was about 50% greater in the SHR vessels (2.6 mN/mm) than in the WKY vessels (1.7 mN/mm). Addition of norepinephrine to this solution then produced a further increase in wall tension. This increase in wall tension (Fig. 6 ) was seen in all cases, even at the lowest concentration of norepinephrine used (0.07 fiM) in contrast to the much higher Thio for norepinephrine in PSS reported above (about 2.5 fiM). The maximum active wall tension, ATi, was elicited when the norepinephrine concentration was 11 fiM. This maximum response of the SHR vessels (3.2 mN/mm) was on average only 19% greater than that of the WKY vessels (2.7 mN/mm) and was not significant (P > 0.05).
From these results we calculated the active media stress by dividing the maximum active wall tension, ATi, by the media thickness. This calculation shows that the maximum active media stress was on average 18% lower in the SHR vessels (181 mN/mm 2 ) compared to the WKY vessels (221 mN/mm 2 ), but the difference was not significant. Finally, we have estimated the effective "active pressure" 19 of the vessels, p ac t (that is, the pressure against which the vessels would have been able to contract). This was done in the same way that effective pressure was calculated, thus: p ac t = ATi/(Li/2w). On this basis, the SHR vessels would have been able to contract against a pressure of 46.6 mN/mm 2 (350 mm Hg) which is 45% greater than the corresponding pressure for the WKY vessels, 32.2 mN/mm 2 (242 mm Hg).
Discussion
The abnormal constriction of the vasculature which is implied by the high peripheral resistance in SHR (as in patients with essential hypertension 4 ' 2325 ) could arise from a greater than normal activity of the vasculature's smooth muscle 15 or from a structural change in the vasculature. 4 It is clear that to understand the etiology of this genetically determined hypertension it is important to determine whether either or both of these possibilities is involved.
Peripheral resistance is determined mainly by the smaller arteries and arterioles, but because it is technically difficult to test these directly, their properties have had to be inferred from perfusion experiments on complete isolated vascular beds. Such experiments show three general features. 4 ' 5 ' 25 First, the resistance of relaxed beds from SHR is greater than normal. Second, the increase in resistance on maximal stimulation is greater in SHR vascular beds. Third, a lower concentration of agonist, such as norepinephrine, is required for a given relative increase in resistance in the SHR vascular beds. Folkow 26 in 1956 showed that all three of these features coald be accounted for if genetic hypertension involved medial hypertrophy with a resulting encroachment on the lumen. His model shows that such a structural change would be sufficient, even though there was no change in the properties of the smooth muscle contained in the vessel walls.
Attempts to test this theory have proved surprisingly difficult. Although an abnormal degree of wall thickening-for example in retinal vessels 27 -is considered an indication of essential hypertension, it still is not clear whether this is due to an abnormal constriction or to an increase in wall volume. The literature on the subject is limited. However, there seems to be general agreement on the basis of postmortem studies that, in the mesenteric vascular bed of patients with essential hypertension, wall-tolumen ratios are increased 28 and there is medial hypertrophy. 29 " 31 Investigations with animal models show lumen reductions in the mesenteric bed of SHR. 9 Furthermore, medial hypertrophy has been demonstrated in the caudal artery of deoxycorticosterone acetate-hypertensive rats 32 and in the thoracic aorta of renal hypertensive rats. 33 Taken as a whole, these findings support the concept that hy-pertension is associated with structural changes in the vasculature.
Such changes might be expected to produce greater active wall tension in the isolated hypertensive vessels. However, attempts to demonstrate such differences in the larger arteries of SHR have revealed that the active wall tension of aorta 16 ' 34 and of conduit arteries 14 ' 35 ' 36 is the same or lower in the SHR. Therefore, these tests were repeated on smaller vessels and, in our previous study using the present technique, 19 we showed that the response of 100-to 250-jum resistance vessels was greater in SHR vessels and also that the SHR vessels had an increased wall thickness. The present study confirms these findings but has gone further by performing the experiments under still more rigorous conditions. As a result there are two differences in the results reported here. First, the lumen diameters are smaller than those previously reported for "first branch" resistance vessels. This is because the previous selection procedure was less precise and allowed the inclusion of a greater range of vessels. This probably is also the reason why we now see a significantly smaller (17%) diameter in the SHR vessels, whereas previously the difference seen (8%) was not statistically significant. Second, the wall thicknesses reported here are greater due to an improvement in the protocol: we have found (unpublished observations) that activation of the vessels results in a permanent thinning of the wall at the point at which it wraps around the supporting wires. Therefore, to obtain a better estimate of the true in situ value, the measurements in this study were made before any activation (see Methods) and not after, as previously.
On this basis, our results indicate that the resistance vessels from the SHR have a smaller lumen, a greater media thickness, and a greater active response than WKY controls but the same sensitivity to norepinephrine. It is clear that, with the exception of the last finding, the significance of all these results is dependent on whether the retraction ratio, r, is the same for both the SHR and WKY vessels, where r is the ratio of the length of the mounted segment (which is not subjected to longitudinal stress) to the in vivo length of the material. Ichijima 9 has shown that the in vivo lengths of vessels close to those we have used is the same in both SHR and WKY rats. In the vessels we used, the unstressed lengths also were the same in both SHR and WKY rats (measured in the excised mesenteric bed; see Methods). Therefore, if there has been a retraction, it seems unlikely that the SHR and WKY vessels have substantially different retraction ratios. Thus, although the absolute values of our measurements could have been affected by retraction, the comparative findings listed above will not be affected.
The greater media thickness of the SHR vessels is not in itself an indication of an increased muscle volume because we must account for the proportion of media taken up by the smooth muscle cells, as well as the internal circumference. The media volume per unit segment length, V m , is given by the equation, V m = m • L + IT • m 2 , where m is the media thickness and L is the internal circumference. This was calculated for each vessel (Table 1) , and the media volume was 31% greater in the SHR vessels. However, the proportion of the media taken up by smooth muscle cells is the same (70%) as shown in the electron micrographs (Fig. 2, c and d) . Therefore, the greater media volume must be associated with cell hyperplasia and/or cell hypertrophy. We are not able, on the basis of our experiments, to distinguish between these two possibilities, because our protocol did not allow us to make the necessary sections normal to the vessel axis. However, it seems clear that there is a structural difference in the arrangement of the cells: the SHR cells are arranged in about four layers, whereas the WKY cells are arranged in about three layers ( Table 1) .
The responses to K-PSS, norepinephrine, and K-PSS plus norepinephrine all were on average greater in the SHR vessels. In the latter case, however, the difference (19%) was not significant (P < 0.1). Even in this case, because of the smaller lumen diameter of the SHR vessels, they would have been able to contract against a 45% greater pressure (P < 0.001). These larger responses were not associated with an increased sensitivity, for both the ED50 and the Thio of the norepinephrine response were similar in both types of vessel. Whall and Halpern, 37 in an independent investigation, have reported similar results, their values for ED50 and Thio also being considerably greater than has been found in the larger conduit arteries. 16 ' 35 ' 36 The vessels we studied have lumen diameters of about 174 /un (SHR) and 210 /im (WKY) when relaxed and under an internal pressure of 100 mm Hg (Table 1) . These vessels do, however, contribute substantially to the peripheral resistance, for their in vivo lumen diameters are only about 100 ^im (ref. 9). Therefore they may be expected to be functionally similar to those vessels usually described as "arterioles." If this is the case, then the results we have obtained may be taken as a qualitative indication of the properties of the resistance vessels in the mesenteric vascular bed of SHR and WKY rats. As such, they support Folkow's hypothesis described above that genetic hypertension is associated with structural changes in the vasculature. His model envisaged a 30% greater media thickness with a 7% reduction in the relaxed lumen diameter, 26 figures which are qualitatively similar to those reported here. However, our results indicate that there may be some differences in the intracellular properties of the smooth muscle cells within the walls. From our counts of the number of cells per unit segment length, we have calculated the average force developed by each cell when stimulated. In response to K-PSS plus a maximal dose of norepinephrine, cells from both types of vessel developed about 3.85 JUN (Table 1) . Therefore, because the cell cross-sectional area is on average 21% greater in the SHR vessels, the maximum active stress in the SHR cells may be lower than that of the WKY cells.
